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This invention relates to novel methods and 
apparatus for the dealcoholization of alcohol containing 
solutions, especially fermented beverages such as beer, ale, 
hard cider, and the like, without significantly altering the 
concentrations of other essential components, which 
contribute to the flavQr, fragrance, color, shelf-stability, 
axul aging characteristics of such products. In preferred 
embodiments the methods employ a novel control led- strip 
evaporative pers traction technique, wherein strip solutions, 
dealcoholized beverage, or both are recycled for use as a 
component of the strip solution used for dealcoholization o£ 
subsequent batches of feed beverage. 

Claim 

1. A method of reducing the alcohol content of an 
alcohol -containing solution comprising the steps of : 

(a) contacting a first side of a hydrophobic 
microporous membrane with an alcohol-containing feed 
solution; 

(b) contacting the opposite, side of said meilabrane 
with a strip solution to extract alcohol from said alcohol- 

' containing solution into said strip solution and thereby to 
provide 
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an alcoholized strip solution and 
a dealcoholized product; 

recovering the dealcoholized product and the 
alcoholized strip solution; and 

(d) repeating steps (a) and (b) while recycling 

m the r!r V '"^^ dealcoholized product or 

ZLT T *''^°^°^^-<^ ^^-iP -^ution to the alcohol 

oTsteTch, " ^'^^ "^^'^^ ^^'^^ 



A process for reducing the alcohol content of an aqueous mixture 
comprising the steps of: 



(a) 



contacting one surface of a microporous hydrophobic 
membrane with the aqueous mixture; 



(b) contacting the other surface of the membrane with water 

or a dilute aqueous salt solution; and 

(c) collecting the aqueous mixture; 

wherein alcohol evaporates from the aqueous mixture, passes 
through the membrane and is dissolved in the water or dilute salt 
solution to form an alcohol enriched liquid. 
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The following statement is a full description of this invention, including the best 
method of performing it Icnown to us: 
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This application is a divisional application made 
in respect of Australian patent application no. 42559/93. 
The entire disclosure of the specification, drawings and 
claims of Australian patent application no. 42559/93 is 
expressly incorporated into this specification by reference. 

10 FIELD OF THE XNVENTIOM 

This invention relates to novel methods and 
apparatus for the dealcoholization of alcohol containing 
solutions, especially fermented beverages such as beer, ale, 
hard cider, and the like, without significantly altering tbl 

15 concentrations of other essential components which 

contribute to the flavor, fragrance, color, shelf-stability, 
and aging characteristics of such products, m preferred 
embodiments the methods, employ a novel controlled-strip 
evaporative perstraction technique, wherein strip solutions, 

20 dealcoholized beverage, or both are recycled for use as a 

component of the strip solution used for dealcoholiaation of 
subsequent batches of feed beverage, in further preferred 
embodiments additives are introduced into the strip solution 
to further limit loss of volatile components during 



10 



15 



20 



25 



30 



35 



BAClOa^OQMD OP THE INVBNTK^ 

Several processes are currently employed 
commercially for the dealcoholization of alcoholic 
beverages, including vacuum-evaporation, membrane 
pervaporation, and reverse osmosis. Vacuum-evaporation and 
membrane pervaporation suffer from the limitations that they 
remove not only aicohol, but also to varying degrees remove 
other volatile conponeuts such as water/ flavor-and 
fragrance coB«»ounds> and dissolved gases such as carbon 
dioxide and sulfur dioxide which are important in 
controlling the acidity of the beverage, and sterilizing the 
beverage against attack by destructive microorganisms . Such 
composition changes adversely affect the organoleptic 
properties of the beverage and its appearance and stability, 
and require restoration to the de alcoholized product of some 
or all of the components so removed to attempt to render the 
product suitable for consumption. Not onl^y is this 
restoration process difficult and costly, but often it fails 
to return the product to the level of quality it possessed 
prior to the dealcoholization process. In addition, such 
restoration may be prohibited in some countries where it is 
considered adulteration of a natural product. 

Dealcoholization by reverse osmosis removes from 
the beverage not only volatile low molecular weight 
components such as water, alcohol, flavor and fragrance 
components, and dissolved gases such as carbon dioxide and 
sulfur dioxide, but may also remove certain low-molecular- 
weight, nonvolatile, nonionic solutes such as organic acids 
and simple sugars. As a consequence, removal of a 
significant amount of alcohol from a beverage by reverse 
osmosis may be accompanied by the removal of proportionately 
large amounts of these other membrane-permeable coB3)onents . 
Current practice involves dilution of the reverse-osmosis 
concentrate or retentate with pxxre water to replace the 
water removed in the permeate. As a result, the final 
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dealcoholized product is substantially depleted in other 
menbrane-penneable solutes, with resulting undesirable 
changes in flavor, fragrance, color, acidity, stability, and 
the like. Restoration of these depleted con^onents by their 
re-addition to the concentrate in proper proportions to 
produce a high-quality product is generally difficult, 
costly, or impossible. 

More recently, another membrane process, usually 
described as ^^osmotic distillation", has been proposed for 
dealcoholization of such beverages. In this process, the 
beverage is passed over one surface of a microporous, non- 
liquid^ettable membrane, while another liquid in which 
alcohol is highly soluble (usually termed the ^^strip 
solution") is passed over the opposite surface of the 

The liquid most frequently proposed for use as 
the strip solution is pure water. Any volatile components 
present in the beverage (as well as those present in the 
strip solution) are free to pass through the pores of the 
membrane as vapor, and then to condense in the opposing 
liquid if there is a favorable concentration difference (and 
thus vapor pressure difference) of that component between 
the two solutions. Inasmuch, however, as this process 
effectively constitutes the extraction of a component from 
one liquid phase into another across a m&nbrane barrier, we 
refer herein to osmotic distillation as "^isothermal, membrane 



1 5 membrane . 



35 



An iaiportant advantage of isothenaal membrane 
perstractlon over evaporation, pervaporation, and reverse 
osmosis is that, since the vapor pressure of water over 
alcoholic ferments is very nearly that, over pure water, 
Uiere is very little transfer of water from the strip 
solution to the beverage while rapid transfer of alcohol 
from the beverage to the strip solution is taking place- 
Hence, the process, in this mode of operation, is highly 
selective for removal of alcohol relative to water. As a 
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result, the volume of the solution or beverage and the 
relative proportions of water and all nonvolatile i 
remain virtually the same in the final prUuct as In ^e' 
original solution or beverage. This process is described in 
U.S. Patent No. 5,382,362 to Bowser et al. (and in u S 
Application Ser. No. 08/204,409 to A,S. Michaels). 

However, isothermal membrane perstraction has 
serious limitations which can have adversely affect the 
properties, characteristics, and quality of a dealcoholized 
beverage obtained thereby. Since the membrane employed for • 
that process is freely permeable to any volatile solute 
which may be present in either liquid phase in contact with 
it, the volatile components present in the original beverage 
are free to leave the beverage and dissolve in the strip 
solution if the activity of any such solute is higher in the 
beverage than in the strip solution. Thus, volatile flavor 
and fragrance components, as well as dissolved gases such as 
carbon dioxide and sulfur dioxide, which may be present in 
the original beverage, can be depleted during the 
20 perstraction process. 

Moreover, any volatile solute which is present 
initially in the strip solution, and is absent from the 
initial beverage, may similarly transfer into the beverage, 
thereby contaminating it. If, as proposed in the Bowser 
patent, pure water is used as the strip liquid, it will 
almost invariably contain dissolved oxygen with which it is 
in substantial equilibrium with the ambient atmosphere. 
Most ingestible ferments (wine, beer, and the like) are 
rendered alcoholic by fermentation of sugars via anaerobic 
organisms such as yeast, and thus are virtually free of 
dissolved oxygen. This is an iiig>ortant feature of the 
fermentation process, since many of the components which are 
generated in the process are reduced organic compounds which 

fragrance, flavor, 
of these 





35 color; and acidity of the product. Exposure 



components to elemental oxygen may, and usually does, result in their oxidation 
to new chemical entities which differ markedly in organoleptic properties and 
appearance from those of the original ferment, and frequently have objectionable 
taste, odor, and/or color. Consequently, exposure of the original beverage during 
evaporative perstraction to a strip solution comprising pure water containing 
dissolved oxygen can result in permanent damage to the dealcoholized product, 
and render it unsuitable for consumption. 

Improved methods for the dealcoholization are needed which do not suffer 
from the aforementioned limitations. This invention is directed to this important 
end. 

Summary of the invention 

The present invention provides novel methods and apparatus for 
dealcoholization of alcohol containing solutions, particularly beverages such as 
wine, beer, ale, hard cider, and the like. 

The invention generally provides methods for the dealcoholization of 
alcohol containing solutions comprising the steps of: 

(a) contacting a first side of a hydrophobic microporous membrane with 
an alcohol-containing feed solution; 

(b) contacting the opposite side of said membrane with a strip solution to 
extract alcohol from said alcohol-containing solution in a gas phase into said strip 
solution and thereby to provide 

an alcoholized strip solution and 
a dealcoholized product; 

(c) recovering the dealcoholized product and the alcoholized strip 
solution; and 



4 

% » 



>• • • 



- 6 - 

(d) repeating steps (a) and (b) while recycling 
at least some of (1) the recovered dealcoholized product or 
(2) the recovered alcoholized strip solution to the alcohol 
containing solution of step (a) and/or to the strip solution 
5 of step (b) • 

In some preferred embodiments at least some of the 
alcoholized strip solution recovered in step (c) is recycled 
and mixed with the strip solution of step (b) , and in other 
preferred embodiments at least some of the dealcoholized 
10 product produced in step (c) is used in the strip solution 
of step (b)- In fxirther preferred einbodiments at least some 
of the alcoholized strip solution recovered in step (c) and 
at least some of. the dealcoholized solution recovered in 
step (c) is recycled to the strip solution of step (b) . 

In some preferred embodiments the recovered 
dealcoholized solution is recycled to the alcohol -containing 
solution of step (a) . 

Preferred embodiments further comprise selecting a 
desired amount of alcohol to be removed from the alcohol- 
20 containing solution, and using the minimum amount of 

alcoholized strip solution, dealcoholized solution, or both 
in the second strip solution to remove the desired amount of 
alcohol . 

Preferably, the. strip solution is pure water, 
25 which has preferably been deoxygenated by boiling and 
flushing with a gas, or by addition of reducing agent. 

In further, preferred einbodiments the strip 
solutions are saturated with carbon dioxide, preferably by 
bubbling in carbon dioxide gas, or by addition of solid • 
30 carbon dioxide* 

In yet further preferred embodiments a stabilizing 
agent, preferably sulfur dioxide, sodium bisulfite, 
potassium bisulfite, sodium metabisulf ite, or potassium 
metabisulfite is added to the strip solutions. 



In a preferred embodiments the aicohol*containing feed solution is a 
beverage, particularly wine, beer, ale, or hard cider. Preferably, the alcohol- 
containing feed solutions are clarified , prior to contacting the hydrophobic 
microporous membrane, preferably by crossflow membrane microfiitration or 
5 vortex flow membrane microfiitration. 

The hydrophobic microporous membrane is preferably comprised of 
polyethylene, polypropylene, polyalkylsilane, polyalkarylsilane, polysulfone, or 
polycarbonate, with polypropylene being partlculariy preferred. 

The invention also provides a method of reducing the alcohol content of an 
0 alcohol*containing solution comprising: 

(a) clarifying a femnented alcohol-containing feed solution to remove 
suspended biomass; 

(b) contacting a first side of a hydrophobic microporous membrane with the 
alcohol-containing feed solution; 

5 (c) contacting the opposite side of the membrane with a strip solution to extract 
alcohol from said alcohol-containing solution in a gas phase into said strip solution 
and thereby to provide an alcoholized solution and a dealcoholized product; 

(d) recovering the dealcoholized product and the alcoholized strip solution; 

(e) repeating steps (b) and (c) while recycling at least some of (1) the 
0 recovered dealcoholized product or (2) the recovered alcoholized strip solution to 

the alcohol containing solution of step (a); to the strip solution of step (b); or to 
both the alcohol containing solution of step (a) and to the strip solution of step (b); 
and 

(0 returning at least some removed biomass to the dealcoholized product. 
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Also provided in accordance with the present invention are apparatus for 
performing the controlled-strip evaporative perstraction methods. 

BRIEF DESCRiPTiON OF THE DRAWINGS 

The numerous objects and advantages of the present invention may be 
5 better understood by those skilled in the art by reference to the accompanying 
Figure 1, which is basic illustration of a preferred embodiment of the 
dealcoholization method of the invention. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

This invention provides novel methods and apparatus for reducing the 
alcohol content of alcohol-containing solutions. The "controlied-strip evaporative 
perstraction" (CSEP) methods of the invention selectively remove alcohol from 
alcohol-containing solutions, such as alcoholic beverages, while avoiding the 
serious limitations of existing osmotic distillation methods. Specifically, the 
methods of the invention remove alcohol without concurrently removing significant 
quantities of other essential components, and without subjecting the product to 
destructive oxidative deterioration by exposure to atmospheric oxygen. 
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In preferred embodiments^ the solution from which 
alcohol is to be removed is a beverage, especially a wine, 
beer, ale, or the like. However, the methods of the 
invention are amenable to the partial or complete 

5 dealcoholization of a wide variety of alcohol containing 
solutions . 

In accordance with the multistep strip-recycling 
dealcoholization methods of the present invention, the 
absolute and relative concentrations of all non-alcohol 

10 volatile conqponents in the strip solution are advantageously 
maintained as close as possible to those initially present 
in the alcohol-containing feed solution. Thus, the methods 
of the present invention minimize the extraction of 
desirable volatile components from the feed during the 

15 dealcoholization process. These desirable volatile 
components include the volatile flavor and fragrance 
con^onents which impart the desired organoleptic properties 
to the alcoholic beverage; volatile acidic con^poixeiits, such 
as carbon dioxide, which impart the proper acidity to the 

20 product; and volatile stabilizing additives, such as sulfur 
dioxide, which insure product sterility and protect against 
oxidative degradation of the product on storage and aging. 

The methods of the present Invention 
advantageously maximize the difference in alcohol activity 

25 and/ or alcohol concentration between the feed solution or 

the dealcoholized product and the alcohol activity and/or 
« 

alcohol concentration in the strip solution on the opposite 
side of the membrane. Accordingly, the methods of the 
invention maxizaize the rate at which alcohol can be 
30 selectively extracted from the feed and transferred to the 

* 

strip solution. 

In preferred embodiments of the methods of the 
invention, pure water is used as the initial strip solution. 
It is preferable that the strip solution is devoid of any 
35 foreign volatile coirqponent, such as dissolved oxygen, which 
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can transfer into the feed and/or product and damage the 
product. It is also preferable that the strip solution be 
unable to extract from the feed solution appreciable amounts 
of any critical volatile component of the feed solution^ 
5 such as carbon dioxide and/or sulfur dioxide, the removal of 
which might cause Irreversible damage to the product. 
Accordingly, in preferred embodiments of the methods of the 
invention, the water to be used as the initial strip 
solution is pretreated. to remove dissolved oxygen, and to 

10 dissolve therein sufficient carbon dioxide, and sulfites 
(i.e., sulfur dioxide) to provide concentrations or 
activities of these solutes substantially equal to those 
present In the alcohol^containing feed solution. 

In some preferred embodiments, a first side of a 

15 hydrophobic microporous membrane is contacted with an 

alcohol-containing feed solution, and the opposite side of 
the membrane is contacted with a strip solution, and a 
desired amount alcohol is perstracted from the feed solution 
into the strip solution. As used herein, the texrm 

20 "contacting" means directly or indirectly causing the 

moieties to be contacted to come into physical association 
with each other* 

Typically, the feed solution is circulated from a 
holding tank through a membrane > unit and is returned . to the 
25 holding tank for further recirculation through the membrane 
until the desired alcohol content is achieved. However, in 
some instances it is preferable to subject the feed beverage 
to only a single pass through the membrane, to avoid 
Spoilage of the beverage due to the turbulence of the 

» 

30 recirculation process. In such instcuxces, the feed solution 

■ 

is not returned to the holding tank, but rather is collected 
and stored. 

The membrane unit can be any of a variety of: 
devices known in the art to be useful, in osmotic 
35 distillation processes. In preferred embodiments the 



- 10 - 



• ••• 
• • • 



» •••• 



10 



menbrane unit is a container whicli provides for the through- 
circulation of strip and feed solutions on opposite sides of 
the microporous membrane. One suitable membrane \init is the 
^Liquicel" imit/ manufactured by Hoechst Celanese, 
Charlotte, N.c. 

The microporous membrane can be any of the variety 
of hydrophobic, microporous membrane materials knovm to be 
useful in osmotic distillation. Generally, such membranes 
are derived from polymeric materials which do not include 
hydrophilic groups in their network. Examples of these 
membranes include polyolefins such as polyethylenes, 
polypropylenes, polyisopropylenes, polyvinyiidenes, or 
mixtures thereof. 

Suitable hy<teophobic membranes include microporous 

15 polypropylene membranes in the. form of flat sheets or hollow 
fibers manufactured by Hoechst Celanese Separations Products 
Division, Charlotte, North Carolina, and sold under the name 
"^Celgard", particularly ^ceigard 2500", and those 
manufactured by AKZO NV, Wuppertal, Germany, and sold under 

20 the name "Accurel.^ It is preferable that the membrane be 
in the form of a hollow fiber, as it has been found that 
hollow fiber membranes have superior fluid management 
properties, and are more efficient, due to their greater 
surface area relative to flat sheet: fibers, 

2^ The initial strip solution is preferably pure 

water which has been deoxygenated. As: used herein, the 
term deoxygenated^ means containing substantially no 
molecular oxygen. Deoxygenation of the strip solution can 
be achieved by any of the several methods known in the art^ 

30 including, for example, simple, steam-stripping of the water 
by allowing it to boil (either at atmospheric pressure, or 
under reduced pressure), flushing the vapor space with an 
inert gas such as nitrogen or carbon dioxide, and storing 
the strip solution in a vessel blanketed with such gas: 

35 Another suitable deoxygenation technique is to subject the 



strip solution to pervaporative stripping under reduced 
pressure using a microporous membrane device, such as a 
microporous polyolefin hollow fiber module such as those 
sold by Hoechst Celanese Separations Systems Division. 
Another suitable method is to add to the strip solution a 
reducing agent which will combine with oxygen present to 
form a chemically inert, nontoxic, nonvolatile oxidation, 
product. Preferred reducing agents for this purpose are 
alkali metal sulfites such as sodium bisulfite, sodium 
metabisulfite, potassium bisulfite, or potassium 
metabisulfite, since these additives have been approved for 
use as stabilizers in wines and other alcoholic beverages. 

In preferred embodiments the strip solution is 
saturated with carbon dioxide, since the initial beverage 
to be dealcoholized will, usually be saturated with carbon 
dioxide, similar saturation of the strip solution will 
assure that there will be no transfer of carbon dioxide into 
or out of the beverage, and thus no change in beverage 
acidity. Saturation of the strip solution with carbon 
dioxide can be accon^lished by any of several known 
techniques. One suitable technique is by bubbling carbon 
dioxide gas into the liquid. Another suitable technique is 
by . adding solid carbon dioxide (~dry ice''} to the liquid. 

For feed solutions which contain sulfites, it is 
preferable that there be no net transfer of sulfur dioxide 
into or out of the feed solution during dealcoholization. 
In preferred embodiioents this is achieved by maintaining the 
sulfite content of the strip solution is as close as 
possible to the sulfite content of the feed solution from 
which alcohol is to be removed. This can be accoa«)lished by 
analyzing the alcohol-containing feed solution to ascertain 
its sulfite content, and adding an appropriate amount of 
sulfur dioxide or metabisulfite to the strip solution to 
match that of the feed solution. The sulfur dioxide or 
metabisulfite can be added to the feed solution before or 
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after saturation with carbon dioxide, it only being 
necessary that the feed solution contain the proper sulfite 
and carbon dioxide content before dealcoholization across 
the microporous membrane. 

In typical osmotic distillation processes, 
volatile flavor and fragrance components present in the feed 
solution are free to transfer by evaporation and 
condensation from the feed solution into the strip solutibn. 
One way of minimizing the loss of these desirable components 
is to analyze the feed solution to ascertain the identities 
and relative proportions of these components, and to then 
add the proper amounts of the components to the strip 
solution. This is a costly and arduous analytical, task. In 
preferred embodiments of. the metbods of the present 
invention, however, the strip solution is composed of pure 
water to which has been added either strip solution or 
dealcoholized product recycled from the perstraction of a 
previous batch of the identical feed solution. Accordingly, 
the methods of the present invention provide a strip 
solution containing the desired volatile flavor and 
fragrance components in the proper proportion, eliminating 
the need to ascertain either the identities "or the 
proportions of these desired components. 8 

In preferred embodiments of the present invention 
the loss of these volatile flavor and fragrance components 
from the feed solution is further limited by operating the 
perstractive method in a '^batch-recycle mode" . In this mode 
a fixed volume of feed solution is recycled through the 
membrane unit, while simultaneously recycling a fixed volume 
of strip solution. The amo\jnt (i.e., volume) of strip 
solution that is so recycled is selected to be the minimum 
required to allow removal of the desired fraction of alcohol 
from the product, thus minimizing loss of volatile 
conponents. For example, for many high-quality varietfl 
wines, the objective of dealcoholization is to reduce the 
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alcohol concentrations of excessively-high-alcohol-content 
ferments (so called ''hot" wines; typically about 15% alcohol 
by volume) to slightly lower levels where they are more 
palatable (typically about 12% by volume) . This can be 
5 accosqpllshed using a batch recycle mode wherein a first 
batch of feed wine is perstracted using a strip solution 
that is alcohol-free at the beginning of the run, and which 
contains 10% alcohol by volume at the end of the run. This 
will typically require about 30 liters of strip solution for 

10 each 100 liters of feed wine. The maximum reduction in the 
concentration of flavor and fragrance volatile components in 
the final product will thus be only about 30%. The 10% 
alcohol strip solution remaining after the first batch has 
been treated is then used as a first strip solution for a 

15 second batch of feed wine. This is then followed. by 

replacement of the alcohol-rich strip with fresh, alcohol- 
free solution thus further reducing the loss of flavor and 
fragrance volatile components. Such a '^sequentially strip— 
replacement strategy can keep the loss of volatile 

20 co&9>onents from the product at negligibly low levels. Thus, 
in one aspect the invention provides pers traction methods 
wherein at least some of the alcoholized strip solution 
produced from the dealcoholization of an initial batch of 
feed solution is used in the. strip solution for 

25 dealcoholization of succeeding batches of feed solution. 

In another aspect of the invention a further 
beneficial reduction in volatile components loss during 
dealcoholization can be achieved- by retaining a fraction of 
the dealcoholized product generated from a prior batch of 

30 the same feed stock, and adding this solution to the primary 
strip solution employed during the first stage of 
dealcoholization of the sxibsequent batch. In this manner, 
the concentration of all volatile components (except 
alcohol) in the strip solution is elevated, and thus: the. 
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rate of transfer of such volatile components from the feed 
to the strip is thereby reduced. 

Further aspects of the present invention are 
directed toward the dealcoholization of superior-quality 
vintage wines, which require fermentative aging under 
special conditipns to develop the desired flavor, fragrance 
mouth-feel and related attributes so important to theit 
marketability. Such wines^ after primary vat- fermentation, * 
are separated from the lees (fruit residue and fermentation 
biomass) , but are allowed to retain in suspension low 
concentrations of non-viable yeast cells. fhease cells 
contain a variety of active enzymes which cdn act upon 
residual sugars, polysaccharides, organic acids, and flavor 
and fragrance precursors present in the f endent And catalyze 
their transformation into new compounds which are essential 
to the development of superior flavor and "^nose'' in the 
final aged product. This process requires the presence of 
this biomass, and is accomplished by barrel-aging of the 
"^^t- ferment. For optimal conduct of this secondary 
fermentation, it is important that the suspended cells 
remain intact^ and that the alcohol content of the ferment 
be maintained within a narrow concentration range. Vintages 
which yield fruit of high sugar content tend, to produce vat 
ferments containing excessively high alcohol concentrations, 
so the reduction of the alcohol content of such ferments 
(so-called ;^ tr immin g^) is necessairy to achieve optimal in- 



Most conventional dealcoholization processes are 
quite destructive of such suspended cells, and thus retard 
30 or prevent this secondary fermentation process. 



35 



Concentration by evaporative membrane 
mitigate this cell damage, were it not 
suspended particulates tend to foul the 
dealcoholization difficult or impractical 
be avoided by subjecting the primary 



pers traction would 

the problem that 
branes and make 
This problem can 
to membrane 
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preflltration in order to temporarily remove the suspended 
biomass without significant cell damage, followed by 
controlled dealcoholization of the clarified ferment, and 
then returning the biomass to the dealcoholized product. 
The resulting product now contains the optimal alcohol 
concentration, and the fiilly active biomass content, 
required for optimal, in-barrel secondary fermentation. 

Preflltration is carried out using either 
microf iltration or ultrafiltration membranes, and modular 
devices containdLng such membranes which provide tangential 
flow or vortex flow in the feed channels, permitting high- 
flow separation of. the biomass from the ferment at low 
pressure, with minimal damage to the suspended cells. 
Removal of as much as 90% of the liquid volume as clarified 
filtrate can be achieved in this manner, yielding a 
concentrated biomass suspension which can readily be blended 
back with the dealcoholized filtrate. Since all other 
volatile components present in the primary ferment are 
conserved in this process, the product provided for barrel 
fermentation is virtually undistinguishable from the initial 
ferment except for its reduced alcohol content. Via this 
novel, hybrid process^ the production of superior barrei-aged 
varietal wines Is now possible « 

The invention is further illustrated by way of the 
following examples which are intended to elucidate the 
invention. These exan^les are not intended, nor are they to 
be construed, as limiting the scope of the disclosure. 

9 



Illustration of Controlled-Strip Evaporative Pers traction in 
30 Batch Recycle Mode 

Figure 1 shows a flow-diagram illustrating a 
preferred embodiment of the present invention. The. 
dealcoholization apparatus consists of a feed holding tank 
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containing an alcohol-containing solution, typically a 
beverage; a crossflow or vortex flow microfilter loop for 
clarifying the alcohol-containing solution;^ one or more 
controlled-strip evaporative perstraction (GSEP) modules, 
each of which include one or more hydrophobic microporous 
membranes; a pump and attendant piping for punning the 
alcohol-containing feed solution through the CSEP modules 
and returning at least a portion of the alcohol-depleted 
solution to the feed beverage holding tank; a strip holding 
tank containing a strip solution; a pump and attendant 
piping for punqoing the strip solution through the memb.rane 
module and returning at least a portion of the alcoholized 
strip solution to the strip holding tank; an inlet in the 
strip holding tank for adding fresh strip solution to the 
strip holdijag tank; an inlet in the strip holding tank for 
adding alcoholized strip solution or alcohol -depleted 
solution to the strip holding tank; an inlet for adding 
additives such as carbon dioxide or sulfur dioxide to the 
strip solution, located either in the strip -holding tank or 
in the connecting line between the strip holding tank and 
the CSEP modules; and an outlet for removing alcoholized 
strip solution from the strip tank. 

Initially, a first batch of alcohol-containing 
feed beverage is placed in the beverage holding tank, and a 
fresh, deoxygenated, alcohol-free water strip solution is 
placed in the strip holding tank. The strip solution is 
saturated with carbon dioxide, and, if necessary, sulfur 
dioxide is added to the stip solution to match the sulfite 
content of the feed beverage. This can be done either in 
the strip holding tank, or in the line from the strip 
holding tank to the CSEP modules. 

The feed beverage is pumped from the beverage 
holding tank into a crossflow or vortex flow microfilter 
loop, wherein it is passed through a crossflow or vortex 
flow microfilter, which clarifies the feed beverage by 
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filtering out large suspended particles, which are typicallj 
cells or other biomass present in the beverage. The 
filtered biomass is returned to the beverage holding tank, 
and the clarified feed beverage is pumped through the 
controlled-strip evaporative perstraction (CSEP) modules, 
where alcohol is perstracted from the feed beverage to the 
strip solution, which is on the opposite side of the 
membrane . The dealcoholized clarified beverage is then 
typically returned to the beverage holding tank for another 
circulation through the system, or the pumping of feed 
beverage is ceased after a single pass through the 
perstraction uixit. The strip solution is simultaneously 
pumped from the strip holding tank> through tbe CSEP 
modules, and is returned to the strip holding tank. 
^ At the end of the initial run, a second batch of 

fresh feed beverage is placed in the beverage holding tank, 
and a second strip solution is placed in the strip holding 
tank. The second strip solution is con^osed of fresh, 
deoxygenated strip solution, and at least some of the 
dealcoholized beverage from the initial run, or some of the 
alcoholized strip solution produced in the initial run, or 
both. The presence of these components in the second strip 
solution reduces the loss of volatile components to minimal 
values . The amount volume of strip solution that is 
recycled is selected to be the minimum required to allow 
removal of the desired fraction of alcohol from the product . 
The second feed beverage is then dealcoholized using the 
second strip solution, followed by dealcoholization with 
fresh strip solution. The process of retaining used strip 
solution and/or dealcoholized beverage or use in tbe 
dealcoholization of succeeding batches of beverage is 
repeated until the desired amount of dealcoholized beverage 
is produced. 

It will be appreciated that the benefits of the 
foregoing "batch mode" embodiment can also be obtained by 
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usxng a continuous process, wherein fresh feed and fresh 
strip solution are continuously added to the system, and 
appropriate amounts of dealcoholized beverage and used sex 
solution are continuously added to the strip solution, and 
product continuously removed. 

Each of the patents, publications, and other 
published documents mentioned or referred t<S in thii 
specification is herein incorporated by reference in its 





As those skilled, in the art will appreciate, 
numerous changes and modifications may be. made to the 
preferred embodiments of the invention without departing 
from the spirit of the invention and the scope of the 
appended - " 



It wxll also be understood that t>,o . 
"comprises- or its or«Tm„»- • -. 

its grammatical variants as used • 

equivalent to the term -includes" and s 

e:,coi„H,- inciuaes and is not to be taken as 

excluding the presence of other elements or features . 



THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS: 



1 . A method of reducing the alcohol content of an alcohol-containing solution 
comprising the steps of: 

(a) contacting a first side of a hydrophobic microporous membrane with an 
5 alcohol'Containing feed solution; 

(b) contacting the opposite side of said membrane with a strip solution to 
extract alcohol from said alcohol-containing solution in a gas phase into said strip 
solution and thereby to provide 

an alcoholized strip solution and 

0 a dealcoholized product; 

(c) recovering the dealcoholized product and the alcoholized strip solution; and 

(d) repeating steps (a) and (b) while recycling at least some of (1) the 
recovered dealcoholized product or (2) the recovered alcoholized strip solution to 
the alcohol containing solution of step (a) and/or to the strip solution of step (b). 

5 2. A method according to claim 1, wherein at least some of the dealcoholized 
product recovered in step (c) is recycled to the strip solution of step (b). 

3. A method according to claim 1 , wherein at least some of the alcoholized 
strip solution recovered in step (c) is recycled to the strip solution of step (b). 

4. A method according to claim 1 , wherein at least some of the dealcoholized 
3 product recovered in step (c) and at least some of the alcoholized strip solution 

recovered in step (c) is recycled to the strip solution of step (b). 

5. A method according to claim 1 , wherein at least some of the dealcoholized 
product recovered in step (c) is recycled to the alcohol-containing feed solution of 
step (a). 
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6. A method according to claim 1 , further comprising the step of selecting a 
desired amount of alcohol to be removed from the alcohol-containing feed 
solution. 

7. A method according to claim 6, wherein the amount of alcoholized strip 
5 solution, dealcoholized product, or both recycled to the strip solution of step (b) is 

the minimum amount required to remove the desired amount of alcohol. 

8. A method according to claim 1 , wherein the strip solution is pure water. 

9. A method according to claim 1 , further comprising deoxygenating the strip 
solutions. 

10. A method according to claim 9, wherein the strip solutions are 
deoxygenated by boiling and flushing with a gas, or by addition of reducing agent. 

11. A method according to claim 1, further comprising saturating the strip 
solutions with carbon dioxide. 

12. A method according to claim 11, wherein the strip solutions are saturated 
with carbon dioxide by bubbling in carit>on dioxide gas or by addition of solid 
carbon dioxide. 

13. A method according to claim 1, further comprising adding a stabilizing 
agent to the strip solutions. 

14. A method according to claim 13, wherein the stabilizing agent is sulfur 
dioxide, sodium bisulfite, potassium bisulfite, sodium metabisulfite, or potassium 
metabisulfite. 

15. A method according to claim 1, further comprising the step of clarifying the 
alcohol-containing solutions. 

16. A method according to 15, wherein the alcohol-containing solution is 
clarified by crossflow membrane microfiltratlon or vortex flow membrane 
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microfiltration 
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1 7. A method according to claim 1 , wherein the alcohol-containing solution is a 
beverage. 

18. A method according to claim 1 7, wherein the beverage is wine, beer, ale, or 
5 hard cider. 

19. A method according to claim 1, wherein the hydrophobic microporous 
membrane comprises polyethylene, polypropylene, polyalkylsilane. 
polyalkarylsileine, polysulfone. or polycarbonate. 

20. A method according to claim 19, wherein the hydrophobic microporous 
1 0 membrane comprises polypropylene. 

21 . An apparatus when used for reducing the alcohol content of an alcohol- 
containing feed solution comprising: 

a feed holding tank containing an alcohol-containing feed solution; 
means for clarifying the alcohol-containing feed solution; 

a membrane module which includes one or more hydrophobic microporous 
membranes capable of transporting said ateohol across said membrane in a gas 
phase; 

means for pumping the ateohoi-containing feed solution through the 
membrane module and returning at least a portion of the alcohol-depleted product 
to the feed holding tank; 

a strip holding tank containing a strip solution; 

means for pumping the strip solution through the membrane module and 
returning at least a portion of the alcoholized strip solution to the strip holding tank; 
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means for adding fresh strip solution to the strip holding tank; 



means for adding alcoholized strip solution or alcohol-depleted solution to 
the strip holding tank; 

means for adding additives to the strip solution; and 

means for removing alcoholized strip solution from the strip tank. 

22. An Improved osmotic distillation method for reducing the alcohol content of 
an alcohol-containing feed solution comprising deoxygenating a strip solution, 
saturating the strip solution with carbon dioxide, and recycling at least a portion of 
the alcoholized strip solution or the dealcoholized feed solution for use in the strip 
solution, wherein alcohol is extracted into the strip solution in a gas phase. 
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23. A process for selectively extracting one or more volatile components from 
other components In a liquid mixture comprising the steps of: 

(a) contacting one surface of a microporous hydrophobic membrane with the 
liquid mixture; 

5 (b) contacting the other surface of the membrane with an extracting liquid in 
which one or more volatile components is soluble; and 

(c) collecting the liquid mixture; 

whereby the volatile component or components evaporate from the liquid mixture, 
passes through the membrane and are dissolved in the liquid. 

24. A process for reducing the alcohol content of an aqueous mixture 
comprising the steps of: 

(a) contacting one surface of a microporous hydrophobic membrane with the 
aqueous mixture; 

(b) contacting the other surface of the membrane with water or a dilute 
aqueous salt solution; and 

(c) collecting the aqueous mixture; 

wherein alcohol evaporates from the aqueous mixture, passes through the 
membrane and is dissolved In the water or dilute salt solution to form an alcohol 
enriched liquid. 

25. A method of reducing the alcohol content of an alcohol-containing solution 
comprising: 

(a) clarifying a fenmented alcohol-containing feed solution to remove 
suspended biomass; 
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(b) contacting a first side of a hydrophobic microporous membrane with the 
aicohol-containing feed solution; 

(c) contacting the opposite side of the membrane with a strip solution to extract 
alcohol from said alcohol-containing solution in a gas phase Into said strip solution 

5 and thereby to provide an alcoholized solution and a dealcoholized product; 

(d) recovering the dealcoholized product and the alcoholized strip solution; 

(e) repeating steps (b) and (c) while recycling at least some of (1) the 

recovered dealcoholized product or (2) the recovered alcoholized strip solution to 

the alcohol containing solution of step (a); to the strip solution of step (b); or to 

1 0 both the alcohol containing solution of step (a) and to the strip solution of step (b); 
and 

(f) returning at least some removed biomass to the dealcoholized product. 

26. A method according to any one of claims 1, 22, 23 or 24, substantially as 
hereinbefore described with reference to Figure 1 . 

15 27. An apparatus according to claim 21, substantially as hereinbefore 
described with reference to Figure 1 . 



Tygola Pty Ltd 

By its Registered Patent Attorneys 
Freehills Patent Attorneys 
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ABSTRACT OF THE DlSClOSURE 



The present invention provides methods and 
apparatus for the dealcoholizatlon of alcohol containing 
solutions, especially fermented beverages, m preferred 
embodiments the methods employ a novel controlled-strip 
evaporative pers traction technique, wherein strip solutions, 
dealcoholized beverage, or both are recycled- for use in the 
strip solutions for dealcoholization of subsequent batches 
of feed beverage. In further preferred embodiments 
additives are introduced into the strip solution to further 
limit loss of volatile components during pers traction. 
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